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DESCRIPTION OF SIMPLE MODEL
We developed a simple deterministic model comprising six ordinary differential equations to capture the dynamical behavior of utilization pathways that catabolize the inducing sugar. The model accounts for the regulator (R t ), the extracellular (S 0 ) and intracellular (S) sugar, two transporters (T H , T L ), and one enzyme (E). Binding of S to R t generates an active regulator (R) that upregulates the expression of the transporters and the enzyme following the Hill equation.
The transporters import sugar into the cell while the enzyme irreversibly degrades the sugar. The model also allows for the breakdown of S 0 through sugar catabolism. The volume ratio of cells and medium converts between the amounts of intracellular and extracellular sugar. The following equations describe the amount of R (eq. 1), S 0 (eq. 2) and S (eq. 3), T H and T L , (eq. 4, 5) , and E (eq. 6). The equations of the model follow mass-action and Michaelis-Menten kinetics, similar to previously published studies describing sugar utilization pathway. 1, 2 The model does not explicitly account for DNA looping 1,2 or auto-repression of the regulator 3 ; instead, the model assumes that the total amount of regulator is constant and DNA looping and regulator auto-repression were indirectly incorporated by manipulating the Hill coefficient in the 
expression terms. The model also neglects differences in growth rate due to the small (~20%) difference in growth rate in the presence or absence of L-arabinose (data not shown). Each parameter in the model is described below. Half maximum regulator concentration (M) k 1 Half-maximum concentration of sugar (M) k 2 Half-maximum concentration of sugar (M) k 3 Half-maximum concentration of sugar (M) k 4 Half-maximum concentration of regulator (M) k 5 Half-maximum concentration of regulator (M) k 6 Half-maximum concentration of regulator ( Maximum rate of sugar import from low-affinity transporter (1/s) α 2 Maximum rate of sugar import from high-affinity transporter (1/s) α 3 Maximum rate of sugar catabolism (M/s) α 4 Maximum rate of low-affinity transporter production (M/s) α 5 Maximum rate of high-affinity transporter production (M/s) α 6 Maximum rate of enzyme production (M/s) d
Dilution rate due to cell division (1/s) n Hill coefficient
To reduce the total number of parameters, we first non-dimensionalized the variables as shown on the next page.
Dimensionless variable Formula
Non-dimensionalizing the variables resulted in the following equations:
We next assigned single constants to the lumped parameters to generate the following set of equations:
The final constants along with the equivalent lumped parameters are shown in the table on the next page. We selected values for each constant to capture the general behavior of the Larabinose utilization pathway: a high-affinity/low-capacity transporter expressed at lower sugar concentrations and a low-affinity/high-capacity transporter expressed at higher sugar
and sugar that are diluted through cell division, and sufficient protein expression and activity (α E , K E ) to yield a bistable response. 
These values were used in all MATLAB simulations unless indicated otherwise. The simulation results in Figure 2 neglected sugar breakdown, which involved removing the differential equation for extracellular sugar (eq. 2c). To capture constitutive expression of either transporter, we replaced the corresponding expression term R' 2 /(K 2 + R' 2 ) with the indicated value. To delete either transporter or the enzyme, we set the maximal activity term equal to zero (e.g. α L = 0). As part of the simulations that neglected sugar breakdown, we integrated the equations using Euler's method and calculated the steady-state curves using the arc-length continuation method. When accounting for sugar breakdown, we integrated the equations to τ = 10, which was sufficient to reach steady-state in the absence of breakdown. Altering the final value of τ did not change the qualitative impact of sugar breakdown. The error bars are smaller than each symbol at all time points. The ABS 600 was too low to accurately measure prior to 3 hours. 
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